
MAY 28, 1965 

JAI\IES M, DAVIS 
PROJECT LEADER 

SUBTASK ~ . 4 . 3 . 1 4 . 2 5  
CONTRACT NASW-410 

APOLLO SUPPORT DEPAhiWCNT 
GmERAL ELECTRIC COFPANY 

DAYTOHA BEACH, FLORIDA 



A sSudy has been made of the  so lder less  wire wrapping process and i t s  appli- 

c a b i l i t y  t o  t he  Apollo Progrm,  

Solderless wire wrapping (wrapping a wire, under tension,  around a terminal  

f o r  a give11 number of t u r n s )  i s  one of the  four p r inc ipa l  means of terminating 

e l e c t r i c a l  connections -- t h e  o ther  t h r ee  are  soldering,  crimping, and welding, 

The major fea tu res  of t he  wire wrapping process a re  i t s  extremely high r e l i a b i l -  

i t y :  the  f a c t  t h a t  it can be automated, and t h a t  high density s f  terminations a re  

possible,  The process i s  r e l a t i v e l y  simple, operators can e a s i l y  be t r a i ned ,  and 

process controls  a re  simple and e f f ec t i ve ,  

The primary development work on solder less  wire wrapping was done by the  Bel l  

Telephone Laboratories, Their c r i t e r i a  f o r  a 40 year l i f e  may p a r t i a l l y  account 

f o r  the  extremely high r e l i a b i l i t y  t h a t  t he  process has experienced these  pas t  

10-12 years,  That i s ,  the re  have been no known f a i l u r e s  of equipment caused by a 

defective so lder less  wrapped connection, Estimates a re  t h a t  over 100 b i l l i o n  have 

been made, 

Wire wrapping i s  the  most extensively used terninat ion method i n  the  computer 

and data  processing f i e l d s ,  and i t s  advantages a re  rapidly  causing it t o  be used 

even more widely, The l a r g e s t  use rs ,  t he  telephone and computer i ndus t r i e s ,  make 

mill ions of terminations each day, On Apollo the  process i s  being used in ground 

support equipment but  not ,  a t  present ,  i n  the  vehicle i t s e l f ,  Evaluations a re  being 

made t h a t  w i l l  determine i t s  s u i t a b i l i t y  f o r  t he  r igors  of f l i g h t s  i n t o  outer  space, 

There a re  several  spec i f i ca t ions  on solder less  wrapping, Two were p ~ e p a s e d  by 

NASA Centers, KSC-W-15% and IIISFC-SPEC-390, and although they a re  bas ica l ly  good spe- 
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c i f i c a t i ons ,  they are  a po t en t i a l  source of d i f f i cu l t y ,  High costs  and u t t e r  chaos 

would r e s u l t  i f  a contractor  had t o  implement both speci f ica t ions  concurrently in  



t h e  same shop, Since many contrac tors  fu rn i sh  equipment t o  more than one Center, 

t h i s  confusion i s  a very r e a l  p o s s i b i l i t y ,  

Our recommendation i s  t h a t  t h e r e  should be a s ing le  NASA so lde r less  wrap stan- 

dard u t i l i z i n g  t h e  b e s t  pos i t ions  of t h e  o thers ,  With a common standard a s  a found- 

a t ion ,  each Center could, i f  necessary, i s s u e  supplemental spec i f i ca t ions  t o  cover 

appl ica t ions  common only t o  t h e i r  products, Coordination on t h e  present  Center 

spec i f i ca t ions  would not  be d i f f i c u l t  s ince ,  f o r  a11 i n t e ~ t i o n a l  purposes, the  spe- 

c i f i c a t i o n s  a re  very n e a r l y  t h e  sameo 

The tremendous economy of automated so lde r less  wrapped connection w i l l  b r ing  

a continual  expanded use of t h i s  method of  termination,  There w i l l  be a decided 

advantage t o  t h e  Apollo Program i n  having a s ing le ,  workable, coordinated standard 

s u i t a b l e  f o r  a l l  t o  use ,  

Uninsulated 
Wire 
(6 t u r n s )  

Insu la ted  
Wire 
( 1  t 

An example of e s o l d e r l e s s  wrapped connection containing one t u r n  of insu la ted  
wire and s i x  tu rns  of uninsulated wire, 



One of t h e  newer methods of terminating e l e c t r i c a l  connections i s  the  solder- 

l e s s  wrapped connection, By t h i s  method a copper condltrcto~ i s  t i g h t l y  wrapped 

around a terminal  with sharp edges, The indentat ions made i n  t h e  wire and termi- 

n a l h o l d  t h e  connection securely,  even with t h e  re laxat ion i n  t h e  hoop s t r e s s e s  

t h a t  eventual ly  occurs i n  t h e  wire over a period of  years,  

Extensive t e s t s  were made by t h e  B e l l  Telephone Laboratories t o  v e r i f y  t h e  

adequacy of t h i s  connection, One of t h e  magor c r i t e r i a  was a l i f e  o f  40 years ,  

Inves t iga t ions  showed t h a t  t h e  connection was both mechanf c a l l y  and e l e c t r i c a l l y  

sound, Exposure t o  corrosive atmosphere had no e f f e c t ,  and even wrapping corroded 

terminals  had no e f f e c t  s ince t h e  wrapping ac t ion wiped o f f  a  clean spot  a t  t h e  

point  of contact .  Based on most s tandards,  t h e  number of t u r n s  spec i f i ed  g ives  

a gas t i g h t  a rea ,  a s  t h e  area  of contact  i s  c a l l e d ,  t h a t  i s  2 - 4 times g r e a t e r  

than t h e  cross  s e c t i o n a l  area  of t h e  conductor, 

Although t h e r e  i s  some re laxat ion of t h e  conductor with time, the re  i s  a l s o  

a molecular d i f fus ion  between t h e  terminal  and t h e  conductor, This more than off -  

s e t s  t h e  re laxat ion i n  conductor t e n s i l e  s t rength ,  B e l l  found t h a t  t h e  bonding 

fo rces  holding t h e  wire t o  t h e  terminal ,  a f t e r  accelera ted  l i f e  t e s t s  s imulat ing 

40 years,  were ac tua l ly  20% grea te r  than a t  t h e  time the  bond was made, 

Often t h e  wrap includes a h a l f  o r  more tu rns  of insu la ted  wise around t h e  t e r -  

minal, This i s  c a l l e d  a modified wrap and i t s  purpose i s  t o  cushion t h e  beginning 

of  t h e  wrap from f r i l u r e  because of severe shock 9s  v ibra t ion a t  the  point  of bighest  

s t r e s s  -- t h e  f i r s t  corner wrapped on t h e  terminal ,  

Process Control 

The s t r i p  force  t e s t  i s  t h e  only s i g n i f i c a n t  t e s t  t h a t  i s  necessary t o  con t ro l  

t h e  wire wrapping process, This t e s t  determines t h e  force  necessary t o  remove t h e  



wire from t h e  terminal ,  If t h e  minimum i s  met, t h e r e  i s  assurance t h a t  t h e  wrap 

is mechanically and e l e c t r i c a l l y  sound and gas t i g h t ,  An unwrapping t e s t  i s  o f t en  

used a l so  t o  assure t h a t  t h e  wrap i s  not s o  t i g h t  t o  have s t re tched  t h e  conductor 

beyond i t s  e l a s t i c  l i m i t ,  I f  t h i s  occurs, t h e  wire breaks when unwrapped, 

Sui table  equipment i s  availabbe today t o  e a s i l y  wrap terminals  with wire,  

Very l i t t l e  s k i l l  i s  needed a s  t h e  process i s  mostly mechanical and an opera tor  can 

be t r a i n e d  i n  a few hours , 

Advan- 

Though t h e  s o l d e r l e s s  wrap process is  ba re ly  f i f t e e n  years o ld ,  it i s  already 

the  predominmt termination method i n  t h e  telephone and computer i n d u s t r i e s ,  The 

pr incipal  advantages o f  t h i s  process over solder ing,  crimping and weiding are :  

1, High r e l i ~ b i  l f  t y  

2, Abi l i ty  t o  be automated 

3, High densi ty  of terminations 

Actual r e l i a b i l i t y  f igures  f o r  so lde r less  wrapping have shown an. upward t r end  

i n  recent years ,  as  more confidence i s  gained, Where t h e  f a i l u r e  r a t e  f o r  soldered 

connections i n  some m i l i t a r y  pro3ects was predic ted  a t  one i n  10,000, s o l d e r l e s s  

wrapped c o n n e c t f ~ n s  were predic ted  a t  one i n  100,000, IBM has assigned a confidence 

f igure of one substandard wrap i n  200,000 during assembly, Proponents of t h e  solder- 

l e s s  wrap point  with p r i d e  t o  t h e  f a c t  t h a t  the re  i s  not  one proTren case of f a i l u r e  

of equipment caused by a defect ive so lde r less  connection, Estimates a re  t h a t  i n  

excess of 100 b i l l i o n  have been made, Regardless of t h e  f igures  used, t h e r e  i s  no 

doubt t h a t  t h e  s impl ic i ty  of the  wrapped conneetion, t h e  ease by which it e m  be con- 

t r o l l e d ,  and %he l ack  of opera tor  influence on a connection, have mate r i a l ly  contr i -  

buted t o  i t s  outstanding r e l i a b i l i t y ,  



Automation 

Probably t h e  most compelling f a c t o r  causing engineers and management t o  con- 

s i d e r  s o l d e r l e s s  wire wrapping i s  t h e  economy of t h e  process, A so lde re r  can make 

an average o f  approximately 150 terminations per  day, An opera tor  using hand wire 

wrapping equipment can make nea r ly  900 terminations pe r  day, An automatic wire 

wrapping machine (programed by t a p e  o r  card t h a t  automatica.lly pos i t ions ,  rou tes ,  

s t r i p s  the  wire and wraps t h e  te rminal )  can make upwards of 8000 terminat ions  pe r  

s h i f t ,  These f igures  a r e  based on a c t u a l  experience a t  t h e  Apollo Support Depart- 

ment of t h e  General E l e c t r i c  Company, 

The t o o l  b i t  t h a t  wraps t h e  wire around t h e  terminals  i s  r e l a t i v e l y  small ,  

A s  a  r e s u l t ,  te rminals  wrapped with 24 gage wire ,  f o r  example, can be  spaced as 

l i t t l e  a s  0,200" apa r t ,  With terminals  on which t h r e e  wraps can be placed,  over 

100 terminations can be made i n  an a rea  of 1 square inch, Welding, e s p e c i a l l y  f o r  

microminiature app l i ca t ion ,  is  t h e  only process t h a t  can provide termination densi- 

t i e s  g r e a t e r  than t h a t  o f  t h e  wrapped wire design, To obta in  t h e  f u l l  advantage of  

densi ty,  equipment should be designed f o r  t h e  so lde r l e s s  wrapping process, 

Limitations 

The s o l d e r l e s s  wrapped connection i s  &, however, a  panacea f o r  a l l  te rminat ion  

problems, It i s  p resen t ly  being used pr imar i ly  on wire gage s i z e s  18 through 30, 

Since only s o l i d  wire i s  used, s i z e s  16 and below become d i f f i c u l t  t o  work because 

of s t i f f n e s s ,  As previously mentioned, welding i s  b e s t  su i t ed  f o r  microminiaturiza- 

t i o n  and solder ing  w i l l  probably continue t o  be used f o r  simultaneous connection of 

mul t ip le  c i r c u i t s  on p r i n t e d  c i r c u i t  boards, 

Stranded wire i s not used f o r  wrappf ng s ince  it does not provide enough r ig id -  

i t y  t o  remain secured, I n t e r f a c e  with o the r  equipment u t i l i z i n g  stranded wire i s  



poss ib le ,  however, by so lde r ing  t h e  stranded wire t o  t h e  so lde r l e s s  wrap terminal ,  

m l i c a t i o n s  

, A l l  present  app l i ca t ions  of  so lde r l e s s  wrapping on Apollo a r e  i n  ground support 

equipment. None of t h e  con t rac to r s  a r e  using t h e  process i n  any por t ion  of  t h e  

f l i g h t  veh ic le ,  although some have t h e  process under evaluat ion,  Many environmental 

t e s t s  have been run on wrapped connections -- v ib ra t ion ,  thermal and physica l  shock, 

exposures t o  hea t  and cold ,  e t c ,  Many t e s t s  a r e  s t i l l  underway evaluat ing  i t s  f u l l  

f l i g h t  c a p a b i l i t i e s  f o r  space,  so ,  published r e s u l t s  of  i t s  chances f o r  success o r  

f a i l u r e  a r e  l imi ted ,  The d a t a  between some repor t s  i s  conf l i c t ing ,  which i n d i c a t e s  

t h a t  t h e  o v e r a l l  equipment design may a f f e c t  environmental l i m i t a t i o n ,  There i s  no 

doubt, however, t h a t  t h e s e  connections can withstand more severe app l i ca t ions  than 

encountered i n  ground support equipment, 

Speci f ica t ions  

Several  s p e c i f i c a t i o n s  were reviewed bu t  t h e  a c t u a l  comparisons shovn i n  appen- 

d i x  a re  o f  four  s e l e c t ,  primary spec i f i ca t ions :  

EIA-RS-280 So lde r l e s s  Wrapped E l e c t r i c a l  Connections 
( ~ l e c t r o n i c  Indus t r i e s  Association, Aug, 1963) 

NAVORD OS 11120 Descript ion and Requirements f o r  Solder less  
Wrapped Connections Process 
( ~ u r e a u  of Weapons, Navy Dept, , Apri l  1963) 

MSFC-SPEC-390 E l e c t r i c a l  Wire Wrapped Connections 
( ~ a r s h a l l  Space Fl ight  Center, February 1965) 

KSC-W-151A So lde r l e s s  Wrap Process, E l e c t r i c a l  Connections 
(DP) (.John F, Kennedy Space Center, Apri l  1964) 

These a r e  t h e  only s p e c i f i c a t i o n s  t h a t  have genera l  d i s t r i b u t i o n ,  Severa l  

companies have t h e i r  own i n t e r n a l  spec i f i ca t ions  and the  m i l i t a r y  has one d ra f t ed  

bu t  not issued,  

Except f o r  EIA-RS-280, each of  these  spec i f i ca t ions  a r e  p ro jec t  o r i en ted ,  

That i s ,  they  a re  in tenaed f o r  a  c e r t a i n  p ro jec t  and a re  r e s t r i c t i v e  i n  some design 



fea tures ,  MSFC-SPEC-390 and KSC-11-151A, by d e f i n i t i o n ,  a r e  intended f o r  ground 

support app l i@at ions ,  NAVORD OS 11120 d i f f e r e n t i a t e s  between shore based and 

shipboard app l i ca t ions ,  Only EIA-RS-280 describes t h e  physica l ,  e l e c t r i c a l ,  and 

mechanical f e a t u r e s  of  t h e  wrap d o n e ;  design fea tu res  such a s  wrap post m a t e r i a l ,  

conductor i n s u l a t i o n ,  e t c ,  , a r e  determined by user  f o r  each appl ica t ion ,  

The f u l l  economic b e n e f i t s  of t h e  s o l d e r l e s s  wrap method come with t h e  s t e p  

from t h e  use of  hand wrap guns t o  t h e  use of  automatic wire wrapping machines, 

The automatic machines a r e  not  a s  f l e x i b l e  a s  t h e  h a d  wrap guns, however, and 

small  d i f f e rences  i n  s p e c i f i c a t i o n s  could a c t u a l l y  negate t h e  economic b e n e f i t s  

c f  automatic ewigment , For example, t o  change an automatic machine dssigned t o  

wrap #24 gage wire t o  wrap #30 gage wire would cos t  approximately $15,000, A 

change i n  t h e  number of t u r n s  alone would cause a redesign cos t ing  $5,000, and 

t h i s  does no t  include secondary c o s t s  t h a t  may r e s u l t ,  such as  t h e  need f o r  a non- 

s tandard t e rmina l  ( f o r  longer l e n g t h ) ,  Automatic wrapping machines cost  around 

$200,0000 
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The po in t s  of  d i f f e rences  i n  t h e  spec i f i ca t ions  cause two major problems, One 

i s  t h a t  t h e  e f f e c t i v e n e s s  of economy through automation i s  reduced m d  t h e  second 

i s  t h a t  confusion and misunderstanding develop where con t rac to r s  concurrently work 

t o  d i f f e r e n t  s p e c i f i c a t i o n s ,  Since the  products of each Center must of ten  i n t e r -  

face with one another ,  it would be advantageous t o  have one s o l d e r l e s s  wrapping 

s t m d a r d  t h a t  i s  s n i t a b l e  f o r  a l l ,  The standard should be confined t o  t h e  wrap 

alone,  t h a t  i s ,  t o  those  items t h a t  would remain constant  r ega rd less  of app l i ca t ion ,  

Examples of Lhese items a r e  t h e  number of t u r n s ,  s t r i p  fo rce ,  gas t i g h t  a rea ,  space 

between t u r n s ,  wrapper r e s i s t a n c e  ( e l e c t r i c a l ) ,  e t c ,  Design f e a t u r e s  would not  be a 

p a r t  of  t h e  s tandard  s ince  these  would be determined. f o r  each appl ica t ion ,  Each 



Center could s t i l l  i ssue  spec i f i ca t ions  as necessary t o  con t ro l  these  items, 

Examples of design features  a r e  wrap post mater ia l ,  i n s u l a t i  on, conductor f i n i  sh,  

environmental requirements, e t c ,  

Some of the  di f ferences  i n  the  Center spec i f i ca t ions  on t h e  so lder less  wrapping 

i t s e l f  t h a t  l ead  t o  confusioa ares 

lo End t a i l s  

2 ,  Number of tu rns  of insu la ted  w i  r e  

3, Magnification f o r  v i s u a l  inspection 

4, Gas t i g h t  area  

The speci f ica t ion comparison char t  i n  t he  appendix c l ea r l y  shows the  d e t a i l s  of  

these differences,  None of these  four a re  of major s ignif icance as f o r  t he  qua l i ty  

of the  wrap, However, the  f i r s t  difference means re t ra in ing  of operators and in- 

spectors,  the  second means new wrap t o o l  b i t s  and t h e  t h i r d  means new inspection 

equipment, 

The con t ro~aers ia l  subgeet of  magniffeation f o r  v i sua l  inspectford i s  one on 

which most experienced contractors  have reached firm conclusions, The spec i f i ca t ion  

chart  shows t h a t  the  magnifications required run from 0 t o  8 power, 

To inspect  a panel of so lder less  wrap terminals under a magnifying g l a s s  i s  

much slower than with the  eye unaided, It would be v i r t u a l l y  impossible t o  inspect  

t he  wraps with the  higher magnifications since the  terminals a re  longeP than t he  

focal  distances of the  magnifying glasses ,  Some advocate magnified inspection f o r  

production s m p l e s  only, but not f o r  the  production i t s e l f  Many have s t a t e d  t h a t  

Substandard wraps of my consequence c m  be seen with the eye alone and %hat a mag- 

n i f i ca t ion  of a few powers i s  only bene f i c i a l  i n  solving border l ine  cases, 



Our conclusion is  t h a t  t h e  use of magnificat icn f o r  v i s u a l  inspect ion  should 

be opt ional ,  During t r a i n i n g  periods and with production samples on the  smaller  

wire diameters,  it may be of some l i m i t e d  b e n e f i t ,  It should no t ,  however, be 

required f o r  a l l  condi t ions ,  

The d i f fe rences  i n  design c r i t e r i a  of each specf f f  ca t ion  a r e  l i s t e d  

below, These a r e  s i g n i f i c a n t  because both a r e  intended f o r  grour,d support equip- 

ment, The d i f fe rences  are :  

1, Wrap pos t  ( t e rmina l )  m a t e r i a l  and f i n i s h  

2, Conductor p l a t i n g  

- 3, Wrapper r e s i s t a n c e  and contact  p o t e n t i a l  t e s t  

4, Physica l  shock 

5 ,  Thermal shock 

O 
6, Quali ty assurance provisions 

A f u r t h e r  example o f  t h e  chaos t h a t  would r e s u l t  from a  cont rac tor  working concur- 

r e n t l y  t o  two s p e c i f i c a t i o n s  i s  with t h e  process con t ro l  sample, This sample i s  

da i ly  submitted t o s s t r i p  fo rce  and unwrap t e s t s ,  The sample s i z e s  f o r  hand wrapping 

a r e  as follows: 

Pe r iod  

A t  s t a r t  of s h i f t  

MSFC - KS C 
v 

9 10 

A t  m."ddle of  s h i f t  2 3 

A t  end o f  s h i f t  0 3 

1% i s  f a i r l y  easy t o  imagine t h e  confusion t o  two opera tors ,  s i t t i n g  s ide  by s i d e ,  

and each working t o  a  d i f f e r e n t  s p e c i f i c a t i o n ,  o r ,  a s ing le  opera tor  working t o  

one spec i f i ca t ion  one day, and a  d i f f e r e n t  one t h e  next day, I n  f a c t ,  adminis t ra t ion  



of two d i f f e r e n t  spec i f i ca t ions  simultaneously would be v i r t u a l l y  impossible, 

Conclusion - 
The s o l d e r l e s s  wrapping method should be encouraged because of i t s  high r e l i -  

a b i l i t y  and low c o s t ,  wherever it i s  most advantageous t o  Apollo, 

To r e a l i z e  the  utmost economy and t o  prevent confusion and chaos among con- 

t r a c t o r s ,  it i s  s t rong ly  recommended t h a t  NASA develop a s i n g l e  s tandard,  

A s tandard ,  once properly developed, w i l l  not need revis ion ,  Design c r i t e r i a  

t o  meet ind iv idua l  appl ica t ions  could be developed by t h e  Centers a s  necessary,  
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Jo W, McRae, e t  a l ,  " ~ o l d e r l e s s  Wrapped ~ o n n e c t f  ons ," The B e l l  System Technical 
Journal ,  May 1953, 

-"Q~ire-WrapP ~ a t a , "  Gardner-Denver Company, A Compilation, 

J,' Wf l lborn ,  "comparison Study, So lde r l e s s  Wire Wrap V s ,  Common Solder  Connections, 
Interim Report ," TIR 544-108-173, November 20, 1963, 

  valuation of So lde r l e s s  Wpapped Connections t o  KSC-W-151," Apollo Support Depart- 
ment, General E l e c t r i c  Company, 

- _  -With two exceptions,  only those  documents dated a f t e r  1960 have been l i s t e d ,  . . .  

I n  addi t ion ,  t e s t  r e s u l t s  and spec i f i ca t ions  from severa l  con t rac to r s  were reviewed, 
- 

and interviews and conversat ions were h e l a  wi th  many a u a o r i t i e s  on s o l d e r l e s s  wrapping, 

Especia l ly  h e l p f u l  was A o  I, Pranikoff ,  of t h e  General E l e c t r i c  Company, who i s  Chair- 

man of the  E l e c t r o ~ ~ i c  I n d u s t r i e s   association?^ Cornit tee P7,5, " ~ o l d e r l e s s  Wrapped 

Connections, '' 









.200" mininun (AVG 20 

ca t ion  QCJ-W-343. Mini- 
mum elongat ion s m e  a s  
E I A  s p e c i f i c a t i o n s .  

number of t u r n s ,  
p o s i t i o n  o f  wraps on 

instruments  nus t  be  
approved by GIA) . 

1 t o  10 inches p e r  1 inch  pe r  minute. 1 inch  per  n inute .  

:To bred<z=e. Unwrap 
t o o l  spec i f i ed .  

Elongation i s  s i g n i f i -  
cant .  Environment i s  
c r i t e r i a  f o r  f i n i s h .  

Cut through r e s i s t a n c e  
and t h i n  w a l l  a r e  de- 
s i r a b l e .  Environment 
is a l s o  a f a c t o r .  

Slight d i f f e rences  a r e  
not  s i g n i f i c a n t ,  

D i f f e ren t  s t r i p p i n g  
fo rces  because of d i f -  
f e r e n t  s t r i p p ~ n g  r a t e s  
have been repor ted .  



Gas Tight Area 
a r e a  of  bare wire. a rea  of bare wire. a rea  of bare wire. 

Wrapper Resistance 
o f  wire used. 

gages of wire. gages of  wire. 

o f  wire used. ( ~ e f l e c -  
t i o n  1/32'' per  inch of 
terminal  l eng th ) .  

Contact Po ten t i a l  Two t e s t s :  ( a )  micro 
v o l t  t e s t  (switch pola  
i t y ) ,  (b) contact 
res is tance  neasurenent 

i 

Current Overload 

201A, 2 hour cycles. 
Wrapper res is tance  t o  :fcles, Must then pzss 
be monitored during € r i p ,  unwrap and 

rapper r e s i s t ance  t e s t s  

then pass wrapper re- 
s i s t ance  t e s t .  

r !4Ik-STD-202, :4eth0d 
2 ,  accelera t ion  = lot* 

r 30 mil l iseconds,  3 
ocks i n  3 axes.  U US^ 
en pass sane t e s t s  2s i 

t e r  s a l t  spray. 



a r e a  of bare wire. a rea  of bare wire. cross-sect ional  a rea  
of bare conductor. 

r e s i s t ance  and voltege 

(25% var ia t ion  p e r r z t t e  

rap  pos t  i s  def lec ted  
nd R i s  measured w h i l e  
rap post  o s c i l l a t e s ,  

Two t e s t s :  ( a )  micro- ne t e s t  - microvolt 
v o l t  t e s t  (switch polar- e s t  (switch p o l a r i t y )  
i t y ) ,  (b) contact 
r e s i s t ance  neasurenent 

i a l  t e s t s ,  (sane ove 
oad as  IIAVORD) , 

201A, 2 hour cycles. 201 except f o r  4 hour 

then pass wrapper re- 
s i s t ance  t e s t .  wrapper r e s i s t ance  ondit ion B = 48 hours, 

a f t e r  s a l t  spray. f t e r  s a l t  spray. 





+ 1 0 5 ' ~  t o  -55OC, 5  
cyc l e s ,  30 n inu te s  a t  
each tenpera ture .  
Must then  pass  unwrap 
and wrapper r e s i s t a n c e  
t e s t s .  

Pr_eproduction - i f  
n o t  waived. 
Each 10,000 Wraps - I AQL spec i f i ed .  S t r i p ,  

- 

ICIL-STD-202, l~iethod 107 
- 2 0 ' ~  t o  +85OC, 5 
cyc l e s ,  30 n inu te s  at 
each temperature.  l.!ust 
then  pass  s t r i p ,  unwrap 
and wrapper r e s i s t a n c e  

Preproduction - only 
i f  s p e c i f i e d .  
Q u a l i t y  Assurance - 
sanples  from s t a r t ,  

i n spec t ion ,  
Each 500,000 Wraps ( o r  
w h s )  - a l l  prepro- 

I unwrap and v i s u a l  

duc t ion  t e s t s .  
Equipment - (new o r  
modif ied)  must pas s  
strip t e s t ,  

I middle and end of  a  I 
p r o g r m e d  opera t ion .  
For hand opera t ion  
samples from s t a r t  and 
middle o f  each s h i f t .  
1.iust pass  a l l  t e s t s .  
Equipnent Ce r t i f i ca -  
t i o n  - !lust pass wrap - 
and unwrap t e s t s .  To 
be r e c e r t i f i e d  every 
30 days. 

I.TCGSTD-232, l~!ethod 102 
Tes t  Condition A ,  
+10o0c t o  -20°c, 5 
cyc l e s ,  30 clinutes a t  
each tenpera ture .  1-lust 
then  pass sane t e s t s  a s  
a f t e r  s a l t  spray. 

I.lethods 102 a .d  107 
have s u b s t a n t i a l l y  
t h e  same purpose, 
!.lethod 107 i s  u se fu l  
f o r  l a r g e  components. 

Preproduction - Speci- 
f i e d .  
Process Control - sam- 
p l e s  from s t a r t ,  middle,  
end of each s h i f t .  Per- 
form v i s u a l  s t r i p  and 
unwrq  t e s t .  
Equipnent Recer t i f ica-  
t i o n  - s a l e  a s  process  - 
con t ro l  t e s t s  (except 
f o r  sample s i z e s ) .  
Producf ion Tes ts  - 
Visual  inspection* 
a l l  wraps made. 

Sample s i z e s  vary,  
(See cements i n  t e x t )  


